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/5
is an experimental support to
High Energy Astrophysics
N
by providing laboratory atomic parameters

for plasma diagnostics
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Current atomic database is satisfactory for
a low-temperature plasma of light-atoms
(e.g. stellar atmospheres, up to iron-peak)
if observed in the UV and Visible range

High Energy Astrophysics

requires experimental atomic-data for
- high-Z atoms

- highly-ionised species

- from Vacuum-UV to NIR



INAF is involved in Solar Orbiter (1.5 G€)

Short Wavelength Channel

Ne VI

NIST
O IlI-VI

476 Ritz wavelengths
30 observed lines

Relative Intensity

Long Wavelength Channel
Ly-B

Fe llI-XXV
2099 Ritz wavelengths
100 102 78 observed lines

Wavelength (nm)




The unknown UV lines will affect
ANDES (R =100,000; 0.35-2.4um) Spectroscopy

of high-z objects
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Figure 1. Excerpt of the VIS spectrum showing absorption from Ly« and LyB of the host galaxy of GRB 111008A (z = 5.0) and Ly« of the strong intervening system
at z = 4.6. The red line displays a Voigt-profile fit to the DLAs Ly« and Lyp lines. The dashed line shows the 1o error on the fit result, and the dotted line shows the

error spectrum. The shaded gray indicates a region with strong telluric contamination.




And, ELT Spectroscopy

will supply evidence of r-process in neutron star mergers
only if an atomic database of highly ionised heavy-elements
is created in the UV-NIR range

THE ASTROPHYSICAL JOURNAL LETTERS, 848:L19 (7pp), 2017 October 20 https:/ /doi.org/10.3847/2041-8213 /aa905¢c
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Figure 1. NIR spectral sequence of GW170817 from Gemini-South. Each 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
epoch is labeled with its age in days after the GW trigger. The spectra have
Np| Pu|Am|Cm | Bk | Cf | Es | Fm |Md | No | Lr
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been de-redshifted, corrected for Galactic extinction, and scaled to match the H AC Th Pa
photometry (Cowperthwaite et al. 2017). The +7.5 days spectrum has been 89 9 91
scaled by an additional factor of 1.3 for presentation purposes. The first three
spectra are presented unbinned, but the later ones are binned by increasingly
larger factors. The region of strong telluric absorption between J- and H-bands
is indicated by the gray box.
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The lack of experimental atomic parameters for
highly ionised species
is historically due to the difficulty in reaching
million-degree temperatures
under controlled conditions




Todays things have changed
million-degree plasmas
are generated in laboratory




Plasma in Space
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Plasma Sources
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Spectrographs

In practise
Systematic spectroscopic measurements of plasma emissivity

will be carried out element-by-element at time,
to record line wavelengths and intensities
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15. Team Summary
15. Personale INAF coinvolto H N A E - T EA M

Numero di partecipanti INAF al progett @

Struttura Nfte NO TI22 TI23 TI24 TD 22 TD 23 TD 24 Nex Extra
O.A. CATANIA 12 0 1.60 1.60 1.50 2.40 1.40 0.40 1 0.20
DIREZIONE SCIENTIFICA 0 0 0 0 0 0.00 0.00 0.00 1 0.10
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Preparatory work and results

* New Instrumentation
* Experimental activities
e Theoretical tools



New optical interfaces for

Counts Counts
| %ﬂlll II "IITYITY'

Counts

Counts

our Spectrographs

LASER-Produced Plasmas

(2019 tesi di laurea magistrale di Claudio Ferrara)
R=A/AA=20 000

Velocity (km/s)
-4000 -1056

—3000 —2000

t=0ns t=12ns t=24ns

t=36ns

t=48ns
25

2.0
Els.
> 1.0

0.5

0'00.0 051015202500 0.5 1.0 15 2.0250.0 05 1.015 2.0 250.0 0.5 1.0 1.5 2.0 250.0 05 1.0 1.5 2.0 2.5
x [mm] x [mm] x [mm] x [mm] x [mm]

t=60ns t=72ns t=284ns t=95ns t=130ns

25
El.s .
>1.0
0.5

0'%.0 051015 20 250.0 051015 2.0 2500 0.5 1.0 1.5 2.0 250.0 0.5 1.0 1.5 2.0 2.50.0 0.5 1.0 1.5 2.0 2.5
x [mm]

x [mm] x [mm] x [mm] x [mm]

1000

-2000 —1000 1000

2000 3000 -4

22 ©

\
>

d= 10 mm

g (I

{ | llllll

OF

108 E
80 -
60 E-
40 &

Illl[l l‘lllllll 11l

“88E
60 (-
40

A
:\

-20E

A
2 M\QWMMWWM»J/ \W\w

5640 5660 5680 5700

Wavelength [A]

5720

5740 5780



New Instrumentation
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Preparatory work and results

* New Instrumentation
* Experimental activities
e Theoretical tools



Systematics HCL-spectroscopy of Rare-Earths

with CAOS (R = 60 000, 370-1000 nm)
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Figure 4. CAOS spectra of Eu-Ne (black) and Nd-Ne (green) Hollow-Cathode Lamps. NIST
lines are marked with experimental and Ritz wavelengths. In this small 10 A chunk 2
unknown Nd lines are clearly visible.

Element N, 111 datab NI —II,new

Cs 801 6
Ba 1754 5
Pr
Nd
Sm

243
183
2390
272
383
1335
471
353
10
Re 272 19
Os 336 123




Preparatory work and results

e Hardware
* Experimental activities
* Theoretical tools



WHY SPECTROPOLARIMETRY ?

@ Magnetised-Plasma spectral emission is not isotropic




WHY SPECTROPOLARIMETRY ?

@ Magnetised-Plasma spectral emission is not isotropic




0.80




____ with |B|= 100G




WHY SPECTROPOLARIMETRY ?

@ Magnetised-Plasma spectral emission is not isotropic

@ Equivalent width depends on magnetic field strenght and orientation

A&A 398, 411-421 (2003)
DOI: 10.1051/0004-6361:20021605
© ESO 2003
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Magnetic intensification of spectral lines
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Fig.4. Maximum magnetic intensification Wnax/Wp as a function of
the number of Zeeman components of the fictitious iron line at 14500



The CHIANTI Atomic Database
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Introduction of Zeeman splitting in CHIANTI
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CHIANTI has been applied to the

Frascati Tokamak Unit Plasma Spectra

Nitrogen - CHIANTI
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Fig. 4: VUV spectrum detected on FTU using the SPRED
spectrometer in the early phase of a discharge dominated by
nitrogen (black line). The vertical dashed lines are the
experimentally identified lines of Fe (red) and N (green). The
calculated spectra of N from the CHIANTI database are
reported in different colors for each temperature as listed on the
legend. The collisional-radiative model assumed a constant
density of 10'° m>. It can be observed that the most prominent
N lines are associated to a temperature of about 30 eV (red). The
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Hydrogen lines in highly magnetised plasmas

no selection rules,

unpredictable profiles

At the Marseille University, a PhD student
(Lorenzo Giustolisi) is working on
Zeeman-Stark profiles of Hydrogen lines

in polarised light to be included in
full-stokes NLTE-ZCHIANTI
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New techniques for magnetic field measurements
No matter how weak

First direct measurement of the
Magnetic Field Transverse Component
from derivatives of the Stokes line profiles
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NLTE Radiative Transfer In Magnetic Plasmas (NERTIMP)
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NLTE Radiative Transfer In Magnetic Plasmas (NERTIMP)

NLTE spectral synthesis in magnetised plasma
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Funding, Strengths and Critical points

* Plasma Laboratories are supported from respective institutions

* Funds are necessary to couple instruments, recruiting and transfers

Commenti - Scheda Plasma@Lab4Space

Commenti CSN

Progetto originale, che prevede spettroscopia multi-banda ad altra risoluzione di plasmi di laboratorio per finalita di interesse
generale. L'andamento temporale e la qualita delle pubblicazioni lasciano presupporre un buon impatto scientifico sul medio-
lungo termine. Il team appare sufficientemente numeroso, assortito e attrezzato per raggiungere gli obiettivi programmati e
sfruttare a pieno i risultati attesi. Il team mette insieme competenze in svariati campi della Fisica. Gli FTE impegnati per personale
TD sono preponderanti rispetto a quelli per staff TI. Il progetto ha uno sviluppo prevalentemente nazionale, ma & inserito in un
contesto internazionale, grazie alla connessione con numerose facility. Il ruolo di INAF € di leadership. Nessun fondo é stato
specificamente attribuito al presente progetto. Si evidenzia la necessita di un finanziamento regolare da circa 100 kEur/anno a
partire dal 2022. Si esprime altresi la necessita di una ricerca di competenze interne all'INAF per modellistica nell'intervallo UV.




Large Grant (PI F. Leone)

LAPSUS (+ VIS Spetroscopy) Discharge Plasma Producer

Condensatore cilindrico a glycol

100 102
Wavelength (nm)

Modeling of SPICE data and tuning SOLAR-C EUVST

An atomic
database for
FUV

transitions

Solar Physicists:
Vincenzo Andretta
Giulio Del zanna
Enrico Landi
Marco Romoli
Daniele Spadaro



Mini Grant: Near-infrared spectroscopy of REEs with GIANO-B (Pl G. Catanzaro)

20 k€ to extend the HRes-spectroscopy from VIS-CAOS@S

Figure 1. Cosmic origin of chemical elements
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Figure 4. CAOS spectra of Eu-Ne (black) and Nd-Ne (green) Hollow-Cathode Lamps. NIST
lines are marked with experimental and RItz wavelengths. In this small 10 A chunk 2

unknown Nd lines are clearly visible.

LN to the NIR-GIANO

s

Element (Z)

Niines (1000 = 9000 A)

Niines (9000 = 25000 A)

NIST VALD Kuruez NIST VALD Kurucz
La (57) 731 665 2188 9 4 0
Ce (58) 1000 19238 2566 23 680 0
Pr (59) 1206 1472 577 19 291 0
Nd (60) 735 1618 1284 0 3 0
Pm (61) 424 0 0 0 0 0
Sm (62) 797 1872 1581 0 31 0
Eu (63) 797 1672 1273 0 17 10
Gd (64) 1031 1616 1399 b) 18 1
Th (65) 720 307 107 0 i 0
Dy (66) 651 2828 1183 0 240 0
Ho (67) 566 1406 90 0 6 0
Er (68) 637 2367 906 0 81 0
Tm (69) 981 9737 754 0 193 0
Yb (70) 7T 5642 392 2 1173 0
Lu (71) 393 255 152 0 9 3

Table 1: Number of spectral lines present in VALD (Vienna Atomic
Line Database; http://vald.astro.uu.se/) and Kurucz's databases
for Rare-Earths (all ions included) in the UV+Vis and NIR range.
NIST digits refer to experimental validated spectral lines.
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Mini Grant: Near-infrared spectroscopy of REEs with GIANO-B (Pl G. Catanzaro)

‘telescopio I . I nazionale
gallleo

Fundacién Galileo Galilei INAF, Fundacién Canaria - Telescopio Nazionale Galileo

Brefia Baja, March 24", 2022
TO WHOM MAY CONCERN

This letter endorses the content of the project Near-infrared spectroscopy of rare-
earths hollow cathode lamps with GIANO-B led by Dr. Giovanni Catanzaro (INAF-
OA Catania), to be submitted to the INAF Bando per il finanziamento della Ricerca
Fondamentale 2022.

Telescopio Nazionale Galileo hosts the near-infrared spectrograph GIANO-B,
currently equipped with an U-Ne lamp. GIANO-B is used for observational studies
at the frontiers of research fields like exoplanetary science and chemical compositions
of the different stellar populations.

The project is aimed at measuring the wavelengths and intensities of Rare-Earth-
Element lines in the near infrared with great accuracy. We are ready to take GIANO-
B spectra to test the lamps selected by the proponents in order to improve the
existing atomic databases. Moreover, we are keen to substitute the current U-
Ne lamp with one of these new devices as wavelength calibrator of the GIANO-B
spectrograph, due to its age and to other small instrumental problems we met.

Figure 1. Cosmic origin of chemical elements

Therefore, TNG has a strong interest in the full characterization of the proposed
lamps for their astronomical use .

20 k€ to extend the HRes-spectroscopy from VIS-( Sy £ 0 PAJ/L[
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Dr. Enni i1
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Figure 4. CAOS spectra of Eu-Ne (black) and Nd-Ne (green) Hollow-Cathode Lamps. NIST
lines are marked with experimental and RItz wavelengths. In this small 10 A chunk 2
unknown Nd lines are clearly visible.



PnRR - Strengthening the Italian Leadership in ELT and SKA
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PnRR - Strengthening the Italian Leadership in ELT and SKA

High Resolution (R > 100,000)
Fourier Spectrograph in the
0.2-2.5 um range
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We also planned

An Atomic Database for ATHENA

| |
1000 £ % IFU3 Advanced Telescope for High Energy Astrophysics
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Energy (keV) Caption: Broad band simulated Athena X-IFU spectrum of Perseus as derived from the early Hitomi/SXS observation. A zoom on the Iron L

and K line complex highlights the wealth of the X-IFU spectrum. The grey area displaying a large number of lines was not observed by

Hitomi/SXS. This energy range will be observed by XRISM/Resolve.



Plasma instabilities and Radio Emission
in laboratory
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Microphysics of Cosmic Plasmas pp 619-637 | Cite as

Laboratory astrophysics: Investigation of planetary and
astrophysical maser emission

Authors Authors and affiliations

R. Bingham, D. C. Speirs(~], B. J. Kellett, I. Vorgul, S. L. McConwville, R. A. Cairns, A. W. Cross, A. D. R. Phelps, K. Ronald

Chapter
4 1.1k

Citations Downloads

Part of the Space Sciences Series of 1SSI book series {SSSI, volume 47)

Abstract

This paper describes a model for cyclotron maser emission applicable to planetary auroral radio
emission, the stars UV Ceti and CU Virginus, blazar jets and astrophysical shocks. These
emissions may be attributed to energetic electrons moving into convergent magnetic fields that
are typically found in association with dipole like planetary magnetospheres or shocks. It is
found that magnetic compression leads to the formation of a velocity distribution having a
horseshoe shape as a result of conservation of the electron magnetic moment. Under certain
plasma conditions where the local electron plasma frequency @ p, is much less than the cyclotron
frequency w ., the distribution is found to be unstable to maser type radiation emission. We have
established a laboratory-based facility that has verified many of the details of our original
theoretical description and agrees well with numerical simulations. The experiment has
demonstrated that the horseshoe distribution produces cyclotron emission at a frequency just
below the local electron cyclotron frequency, with polarisation close to X-mode and propagating
nearly perpendicularly to the electron beam motion. We discuss recent developments in the
theory and simulation of the instability including addressing radiation escape problems, and
relate these to the laboratory, space, and astrophysical observations. The experiments showed
strong narrow band EM emissions at frequencies just below the cold-plasma cyclotron frequency
as predicted by the theory. Measurements of the conversion efficiency, mode and spectral
content were in close agreement with the predictions of numerical simulations undertaken using
a particle-in-cell code and also with satellite observations confirming the horseshoe maser as an
important emission mechanism in geophysical/astrophysical plasmas. In each case we address
how the radiation can escape the plasma without suffering strong absorption at the second

harmonic layer.




10P Publishing Plasma Physics and Controlled Fusion
Plasma Phys. Control. Fusion 63 (2021) 085007 (10pp) https://doi.org/10.1088/1361-6587/ac138¢c

Plasmas are not

only for Fast dynamics of radiofrequency

emission in FTU plasmas with

spectroscopy or
atomic physics

runaway electrons

P Buratti'*©), W Bin A Cardinali' ©, D Carnevale’(, C Castaldo' ", O D'Arcangelo' ©,
F Napoli', G L Ravera' (), A Selce' (", L Panaccione', A Romano' and FTU Team*

! ENEA, Fusion and Nuclear Safety Department, C.R. Frascati, Via E. Fermi 45, 00044 Frascati (Roma),
Italy

2ISTP-CNR, via R. Cozzi 53, 20125 Milano, Italy

* Dip. di Ing. Civile ed Informatica, Universita di Roma Tor Vergata, Rome, Italy

* See the author list of G Pucella et al 2019 Nucl. Fusion 59 112015
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A scaling relationship for non-thermal radio
emission from ordered magnetospheres: from the
top of the main sequence to planets
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LABORATORY PLASMA
NO BETTER PLACE TO CHECK YOUR MHD CODES AGAINST 3D MEASURED QUANTITIES

We selected TRISTAN-MP
TRIdimensional STANford - Massive Parallel code

TRISTAN-MP is a fully relativistic Particle-In-Cell (PIC) code for plasma physics computations
and self-consistently solves the full set of Maxwell’s equations, along with the relativistic
equations of motion for the charged particles. Fields are discretized on a finite 3D or 2D mesh,
the computational grid; the code then uses time-centered and space-centered finite
difference schemes to advance the equations in time via the Lorentz force equation, and to
calculate spatial derivatives, so that the algorithm is second order accurate in space and time.
The charges and currents derived from the particles' velocities and positions are then used as
source terms to re-calculate the electromagnetic fields.

FIGURE 1. a) Filamentary structure of density in an unmagnetized shock. b) Generation of magnetic
field around current filaments in the shock.



And even more if you participate



Conclusions

* No substantial budget, only a guaranteed and
continuous support

* Do not waste efforts in training

* Present Team cannot exploit all possibilities,
there is much more than planed.
We are open to new ideas/suggestions






PLASMA FACILITIES
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Available
Plasma Facilities

ENEA-Frascati Institute
*  Discharge Plasma Producer

Proto-Sphera
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Available
Plasma Facilities
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Future
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